We present a general theory of compounds with partial long-range order. We derive a simple formula that determines the properties of a partially ordered compound from those of the perfectly random alloy and the fully ordered compound. The formula makes accurate predictions of both formation energies and electronic band structures. We also use the formula to predict the band gaps of Ali Ga As/GaAs superiattices. 
atoms ("anticlustering" ), but there are no long-range correlations among atoms. Long-range order is manifested by extra crystallographic diffraction spots ("superlattice spots"); in metals it causes changes in resistivity and specific heat, while in semiconductors it alters the optical properties [2, 3] . Compound While electronic structure theories are well developed for perfectly ordered crystals and for random alloys, very little theoretical work has been done for partial LRO [4, 5] .
We develop here a general formalism for describing alloy properties as a function of the long-range order parameter ri. It can be used in conjunction with firstprinciples electronic-structure methods, bridging the gap between prior ab initio theories for perfectly random alloys (rl = 0) and fully ordered compounds ( 
The physical properties of the random alloy are given by using Eq. (3) in Eq. (2) . Even though the site occupations of the random alloy are uncorrelated, this does not imply that the physical properties, such as charge transfer [8] and magnetic moments [9] , of individual sites are independent of their local environment [8] . [12] . In either approach properties can be calculated using electronic-structure methods.
The first approach is statistically accurate but is feasible only when a simplified electronic structure method is used. The second approach, the "special quasirandom structure" (SQS) method [12] , results in supercells containing + 20 atoms -small enough to be easily treated using first-principles electronic-structure methods. It closely reproduces the results of 2000 atom supercell calculations where both the supercell and the SQS calculations were performed with the tight-binding [10] or the valence force-field (VFF) methods [ll] . We now extend these methods to 0 ( g (1.
A system with partial LRO is defined with respect to a particular fully ordered structure. S,(o) = (2X -1) + ) S(k, cr)e'"' *, (8) to the description of property P: P(x, ri) = P(x, 0) + rP [P(X,1) -P(X, O)], (9) provided that the property can be expressed in terms of single site and pair interactions only. Here P(X, 1) is the property of the perfectly ordered structure, and P(x, 0) and P(X, O) are the properties of the random alloy at compositions x and X . A similar equation was noted empirically [4, 5] Eq. (2); since experience with the cluster expansion [6 -8] shows that four-body interactions are much weaker than the pair interactions, we expect Eq. (9) to be an excellent approximation. Certain electronic energy difFerences (such as the Xi-Xs energy difference in the zinc-blende BZ), however, are antisymmetric with respect to A +-+ 8 interchange; these should be odd functions of g. When applying Eq. (9) to these energy difFerences, g must be replaced by q [14] , and the corrections, due to three- body interactions, are 0(rP) For allo. ys with x g 1/2, the inversion symmetry is lost and the leading-order corrections are due to either three-body interactions (for symmetric properties) or pair interactions (for antisymmetric properties); in these cases we expect the formula to be less accurate than at x = 1/2 [15] .
We illustrate the application of these three methods in a calculation of the elastic energy of a Gao 5Ino 5P alloy with Lli (CuPt) LRO, using the VFF model [16] formation energy is shown as an asterisk in Fig. 1(a) .
As a second illustration, we calculate the direct band gap of the imperfectly ordered Lli structure of We have also applied the formula to the band structure of Alo 5Gao 5As and Alo 25Gao. 75As with partial Llo LRO. Calculations are performed using the pseudopotential plane-wave method and the LDA; we use the virtual crystal approximation for each layer of the partially ordered structures and for the random alloy. Since the splittings are zero for the random alloy, they are predicted by the formula to be independent of x. Figure 2 shows the results for two energy band differences in the L lp structure. The first, I'4,-Ms"belongs to the symmetric representation of the space group, and therefore is well represented by Eq. (9) . The second, R4;Ri" is odd with respect to Al+-+Ca atom interchanges and, as a result, 71 must be replaced by q in Eq. (9) . In either case, our simple formula makes excellent predictions; as expected the formula is more accurate for x = 1/2 than for x = 1/4.
Any alloy superlattice can be viewed as a special case of partial LRO. For example, we can apply Eq. (9) to an (Ali "Ga&As)"j(Ali"Ga"As)"superlattice, where tal consequences, since it will lead to an X-like CBM in (A1As) z/(GaAs) & if the interfaces are not sufficiently abrupt [18] .
